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Abstract The mantled abnormality phenotype of the oil
palm affects fruit development and thus jeopardizes oil
yield. Cytokinins have been implicated in the development
of the mantled phenotype. Endogenous cytokinin levels in
the normal and mantled phenotypes were compared to
determine whether levels of specific cytokinins are asso-
ciated with mantling. Endogenous cytokinins were identi-
fied and quantified in in vitro cultures and inflorescences
from normal and mantled oil palms. Twenty-two isopren-
oid cytokinins, comprising the zeatin, dihydrozeatin, and
isopentenyladenine types, were quantified. Total cytokinin
levels, particularly of trans-zeatin and isopentenyladenine
types, increased during the in vitro culture process, with the
highest levels detected at the proliferating polyembryoid
stages. The cytokinins were present mainly in their inactive
9-glucoside forms during in vitro culture. On the other
hand, the predominant trans-zeatin cytokinins in inflores-
cences were present mainly in their ribotide forms,
suggesting a metabolic pool of cytokinins for conversion to
biologically active free bases or ribosides. Levels of spe-
cific cytokinins were significantly different in tissues at
different stages. Mantled developed inflorescences con-
tained higher levels of isopentenyladenine 9-glucoside
compared with normal inflorescences. Mantled-derived
callus tissues had higher isopentenyladenine levels but
significantly lower levels of trans-zeatin 9-glucoside, di-
hydrozeatin riboside, and dihydrozeatin riboside 50-mono-
phosphate cytokinins compared with normal-derived
callus. It would be of considerable interest to verify these
specific cytokinin differences in more callus cultures and
clones.
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Introduction
Oil palm is one of the world’s leading crops for the pro-
duction of edible vegetable oil. The oil yield from oil palm
globally is approximately 3.69 tonnes/hectare (t/ha),
whereas rapeseed, a major temperate oil crop, produces
0.71 t/ha (Mielke 1994). Vegetative propagation of the oil
palm through tissue culture is one of the main approaches
for production of elite planting material. However, so-
maclonal variations arising from in vitro propagation are
common (Jaligot and others 2011). Although somaclonal
variants can be a source of plants with improved charac-
teristics such as flower color variants (Sato and others
2011) or abiotic and biotic stress tolerance, it can also lead
to undesirable variants. A somaclonal variant arising from
oil palm tissue culture, known as mantled, affects floral and
fruit development (Corley and others 1986). The mantled
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phenotype is undetectable until the palm starts to flower
and results in partial or total sterility, negatively impacting
oil yield (Ho and others 2009; Konan and others 2010).
Plant growth regulators such as cytokinins have been
implicated in the development of the mantled variant
(Besse and others 1992; Jones 1998; Eeuwens and others
2002; Jaligot and others 2011). Addition of kinetin to the
media with low levels of auxin resulted in a high incidence
of mantling (Eeuwens and others 2002). The use of cyto-
kinins in polyembryoid culture medium has gradually
declined because high exogenous cytokinins increased the
incidence of abnormal in vitro phenotypes such as multiple
shoot formation and inflorescence-like structures (Paranj-
othy and others 1995; Tarmizi 1997; Aberlenc-Bertossi and
others 1999; Inpeuy and others 2011). In addition, low
levels of endogenous zeatin-type cytokinins have been
found in fast-growing calli (FGC), a type of callus that
gives rise to nearly 100 % mantled palms (Besse and others
1992). However, mantled ramets can still be generated
from palms that did not produce FGC, as nodular compact
calli, which are produced with current tissue culture prac-
tices, can also give rise to abnormal regenerants (Rival and
others 2008; Ho and others 2009). Moreover, mantled re-
generants were produced from cultures propagated on
medium containing only auxin, although the frequency of
mantling was much lower than when a medium containing
auxin and cytokinin was used (Paranjothy and others
1995).
With the development of more sensitive approaches
such as LC–MS/MS to quantify endogenous hormone
levels, more studies on the detection and quantitation of
cytokinins have been reported in the recent years (Tar-
kowski and others 2009; Fu and others 2011). LC–MS/MS
is widely used because of its high separation ability and
high sensitivity and it provides quantitative data on mul-
tiple analytes in a single run (Nova´k and others 2003;
Liang and others 2012).
Thus, it would be of considerable interest and value to
determine and evaluate whether the levels of specific
endogenous cytokinins are associated with the mantling
phenotype and to identify at which stages the differences, if
any, could be detected. The present study thus aimed to
detect and quantify endogenous cytokinin levels in oil palm




Two types of material were sampled in this study: inflo-
rescences and in vitro-cultured tissues. All palms sampled
were of the tenera variety. Underdeveloped inflorescences
2 cm long and developed inflorescences 12–15 cm long
were harvested from two clones, 242 and 247, with each
clone comprising one normal and one mantled palm (all
palms were 4 years old at time of sampling). The normal
and mantled inflorescences were harvested from the plan-
tations of the Malaysian Palm Oil Board (MPOB) and
frozen in liquid nitrogen.
The leaf cabbages of two clones, 236 and 247, with each
clone comprising one normal and one mantled palm, were
subjected to in vitro culture procedures following the
protocol described by Rohani and others (2003), with
modifications. Briefly, callus initiation was conducted on
Murashige and Skoog (MS) media supplemented with
10 mg/L naphthalene-acetic acid (NAA) only. The callus
arose from the cultured leaf explants after approximately
3 months in culture. The callus that was attached to the leaf
explants was dissociated from the leaf explants and frozen
separately. Subsequently, sporadic embryogenic callus that
arose from the callus cultures was transferred to MS media
supplemented with 5 mg/L NAA for proliferation and
differentiation into polyembryoids. Subculturing of these
polyembryoids into fresh media was conducted at 2-month
intervals. The polyembryoids continued to proliferate and
generally turned from white to green within 2–4 months
after that and were designated as stage 2 polyembryoids.
After that, the stage 2 polyembryoids were subcultured and
continued to develop and produced shoots 4–6 months into
this polyembryoid proliferation and development phase.
Polyembryoids at this stage were designated as stage 3
polyembryoids. Sampling was thereby conducted at the
following stages: cultured leaf explants with callus, pro-
liferating polyembryoids at stage 2 (emb-2), and polyem-
bryoids at stage 3 (emb-3) (Fig. 1). The inflorescences of a
third clone, 164, also comprising one normal and one
mantled palm (both 7 years of age at the time of sampling),
were sampled for in vitro culture; callus was produced
during the culturing process but failed to develop further
into polyembryoids. Hence, only callus samples were col-
lected for this clone. All samples were stored at -80 C
and freeze-dried for cytokinin extraction.
Extraction of Cytokinins
Cytokinin was extracted from approximately 50 mg freeze-
dried tissues as previously described (Nova´k and others 2008).
The extraction was conducted in duplicate as the amount of
sample tissue from in vitro culture was limited. There was a
need to compromise on the sampling amount because somatic
embryogenesis is a sporadic occurrence and there needs to be
enough culture remaining to develop further in vitro. The
freeze-dried sample was weighed and ground to powder with a
3-mm carbide tungsten bead in a MM301 vibration mill
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(Retsch GmbH & Co. KG, Haan, Germany) at a frequency of
27 Hz for 3 min. The exact weight of the sample was noted.
Bieleski extraction buffer (60 % methanol, 25 % chloroform,
5 % formic acid) (Bieleski 1964) was then added at 1 ml per





















and [15N4]oT were also added (Tarkowski and others 2006;
Nova´k and others 2008). The subsequent solid-phase extrac-
tion and immunoaffinity purification steps are as described
previously by Tarkowski and others (2006) and Nova´k and
others (2008).
Detection and Quantification of Cytokinins
The extracted and purified cytokinin samples were dis-
solved in 1 % formic acid and subjected to UPLC–MS/MS.
UPLC–ESI(?)–MS/MS was conducted using the Acquity
UPLCTM System (Waters, Milford, MA, USA) together
with a Binary solvent manager, Sample manager, and 2996
PDA detector, combined with a Micromass Quattro
microTM API (Waters MS Technologies, Manchester, UK)
at the Laboratory of Growth Regulators, Palacky´ Univer-
sity and Institute of Experimental Botany ASCR, Czech
Republic (Nova´k and others 2008). Data were processed
using MassLynxTM software with the QuanLynxTM and
QuantOptimizeTM programs ver. 4.0 (Waters). The limit of
detection (LOD) for the assay was 0.05–0.1 fmol.
Statistical Analysis
Data were subjected to one-way ANOVA using Mini-
tab15 statistical software (Minitab, Inc., State College,
PA, USA). The variance was analyzed by Tukey’s signif-
icant difference, with the level of significance set to
P \ 0.05 or P \ 0.01. For analysis purposes, concentra-
tions below quantifiable levels were set as zeros.
Significant differences between normal and mantled groups
are indicated in the figures.
Results
Tissue culture from one of the clonal sets ended after the
callusing stage as it did not generate polyembryoids.
Hence, most of the analyses were conducted based on two
clones, except for the callusing stage, where results from
three clones were used. In all oil palm samples, only the
isoprenoid class of cytokinins was detected. Aromatic
cytokinins such as benzyladenine and topolins were
undetected in 50–60 mg of freeze-dried samples, suggest-
ing that their levels were lower than the LOD of the assay.
The exception was in one of the callus samples, which
contained very low amounts of topolins: 0.76 ± 0.01 pmol
ortho-topolin/g dry weight (DW) and 13.64 ± 0.71 pmol
ortho-topolin riboside/g DW. Thus, in this study, analysis
was focused on the different types and forms of isoprenoid
cytokinins and their levels across development in mainly
two clones.
Predominant Cytokinins in Inflorescences
Trans-zeatins (tZ) were the predominant cytokinins in both
underdeveloped and developed inflorescences (Supple-
mentary Tables 1–4; Fig. 2a) and were present mainly in
ribotide form. The other cytokinins were also present lar-
gely in their ribotide forms (Fig. 2b). In addition, the
proportion of each cytokinin form was consistent in both
palms only at the developed inflorescence stage (Fig. 2b).
In mantled palms, the level of total cytokinins was
higher in underdeveloped than developed inflorescences,
but the reverse was observed in normal palms (Fig. 3). At
the developed stage itself, the level of total cytokinins was
lower in mantled than in normal inflorescences of the
respective clone. In addition, levels of the predominant tZ
cytokinins were lower in developed inflorescences from
Fig. 1 Stages in in vitro culture and inflorescence development used
for cytokinin detection and quantitation. a Leaf explant (leaf) with
callus attached. b Stage 2 polyembryoids (emb-2). c Stage 3
polyembryoids (emb-3). d Developed inflorescence (12-cm length
indicated by arrow). e Underdeveloped inflorescence (2 cm). Scale
bar 1 cm
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mantled (1,276–1,303 pmol/g DW) than from normal palms
(5,931–11,592 pmol/g DW) (Supplementary Tables 1–4).
Another notable observation was that the majority of
dihydrozeatin (DZ) cytokinins were 6–40-fold lower in
mantled than in normal developed inflorescences of clone
242 and were 25–33-fold lower for clone 247 (Fig. 4).
As for the different cytokinin forms, ribotides repre-
sented a larger fraction in developed mantled inflores-
cences from both clones than in normal inflorescences
(Fig. 5a). Conversely, the proportion of 9-glucosides in
developed mantled inflorescences was distinctly lower. An
exception was seen only in the levels of iP 9-glucoside,
which was significantly higher in the developed mantled
inflorescences compared with the normal inflorescences
(Fig. 5b).
Predominant Cytokinins in In Vitro Cultures
Total cytokinin content was lower in in vitro culture stages
than in inflorescences (Supplementary Tables 1–4). Cyto-
kinin content was highest at the polyembryoid proliferation
stage among the in vitro culture stages analyzed. Even
then, the highest total cytokinin content in vitro, that is, at
the polyembryoid proliferation stage of the normal palm of
clone 247, was only 2,949 ± 346 pmol/g DW compared to
that in developed inflorescences, which reached up to
12,178 ± 126 pmol/g DW (Supplementary Table 4).
During tissue culture, levels of each cytokinin type
increased with in vitro progression. Leaf explant cultures
contained the lowest amount of cytokinins compared with
the other culture stages (Fig. 6a). Among the in vitro culture
stages, isopentenyladenine (iP) and tZ cytokinins were
predominant (Fig. 6a). Cytokinins were present mainly in
their 9-glucoside form, whereas the proportion of free bases
was highest in the leaf explant cultures (Fig. 6b). For clone
247, the proportion of 9-glucosides gradually decreased
from callus to the polyembryoid stages, whereas the pro-
portion of ribotides, O-glucosides, and free bases increased.
This pattern was not clearly exhibited by clone 236.
Among the cytokinins quantified, levels of iP 9-gluco-
side were the highest in in vitro culture samples
Fig. 2 Cytokinin (CK) levels
and distribution in
underdeveloped and developed
inflorescences of normal palms
(clones 242 and 247). a Levels
of the four cytokinin types.
Each group of cytokinins
comprises the respective free
base, riboside, O-glucoside,
riboside-O-glucoside,
9-glucoside, and ribotide forms.
Values are mean ± SD (n = 2).
b Distribution of cytokinin
forms. 9-Glucosides tZ9G,





ribosides tZR, cZR, DZR, iPR;
free CKs tZ, cZ, DZ, iP
Fig. 3 Levels of total cytokinins in underdeveloped compared with
developed inflorescences from normal and mantled palms of clones
242 and 247. Values are mean ± SD (n = 2)
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(Supplementary Tables 1–4). Incidentally, the free base tZ,
not the free base iP, had the highest levels among the free
cytokinin bases.
In cultures derived from mantled palms, the proportion
of 9-glucosides was higher in stages 2 and 3 polyembryoids
than in their normal counterparts (Fig. 7). Hence, the
proportion of the other cytokinin forms, that is, O-gluco-
sides, ribotides, ribosides, and free cytokinins, were pro-
portionally lower in polyembryoids from mantled than
from normal palms.
Differences in Levels of Specific Cytokinins
between Tissues from Normal and Mantled Palms
At any particular developmental stage, the quantified
cytokinins generally indicated differences between the
clones that may be due to genotypic differences,
environmental influences, or other unknown factors.
However, we analyzed the data for consistencies in cyto-
kinin levels in the two clones (three clones for the callus
stage) for statistically significant differences between the
normal and mantled phenotypes.
Levels of DZ riboside, DZ riboside-50-monophosphate,
and tZ 9-glucoside cytokinins were significantly higher in
callus derived from normal palms than that from mantled
palms (Fig. 8). The highest fold difference between normal
and mantled-derived callus was observed in tZ 9-glucoside
level, which was approximately 5.2-fold higher in callus
from normal palms. In contrast, levels of free iP cytokinins
were lower in callus of normal palms than that in mantled
palms (Fig. 8). At the stage 3 polyembryoids, only levels of
free DZ cytokinins were significantly higher in normal than
in the mantled groups, although the amounts were very low
(Fig. 8).
Fig. 4 Dihydrozeatin cytokinin




individual clones (242 and 247).
Values are mean ± SD (n = 2).
Significant differences at
*P B 0.05 or **P B 0.01
Fig. 5 Cytokinin distribution in inflorescences from normal com-
pared to from mantled palms (clones 242 and 247); only iP9G levels
were significantly different in normal versus mantled developed
inflorescences. a Comparison in the distribution of cytokinin forms
(%) in inflorescences from normal and mantled palms. 9-Glucosides
tZ9G, cZ9G, DZ9G, iP9G; O-glucosides tZOG, tZROG, cZOG,
cZROG, DZOG, DZROG; ribotides tZRMP, cZRMP, DZRMP,
iPRMP; ribosides tZR, cZR, DZR, iPR; free CKs tZ, cZ, DZ, iP.
b iP9G level in developed inflorescences from normal and mantled
phenotypes (both clones). Values are mean ± SD (n = 2). Significant
differences at **P B 0.01
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Fig. 6 Cytokinin levels and
distribution in in vitro cultures
of normal palms (clones 236
and 247). a Levels of cytokinin
types. Each group of cytokinins
comprises the respective free
base, riboside, O-glucoside,
riboside-O-glucoside,
9-glucoside, and ribotide forms.
Values are mean ± SD (n = 2).
b Distribution of cytokinin
forms. 9-Glucosides tZ9G,





ribosides tZR, cZR, DZR, iPR;
free CKs tZ, cZ, DZ, iP
Fig. 7 Comparison in the
distribution of cytokinin forms
(%) in in vitro culture stages
from normal and mantled palms
(clones 236 and 247).
9-Glucosides tZ9G, cZ9G,
DZ9G, iP9G; O-glucosides
tZOG, tZROG, cZOG, cZROG,
DZOG, DZROG; ribotides
tZRMP, cZRMP, DZRMP,
iPRMP; ribosides tZR, cZR,
DZR, iPR; free CKs: tZ, cZ,
DZ, iP
Fig. 8 Differences in levels of
various cytokinins at specific
in vitro culture stages, callus
(n = 3), and stage 3
polyembryoids (n = 2) from
normal and mantled phenotypes.
Values are mean ± SD.
Significant differences at
*P B 0.05 or **P B 0.01
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Discussion
The main cytokinin types can differ across plant species
and tissues, and even physiological states (Moncalea´n and
others 2002; Sakakibara 2006; Frebort and others 2011). In
potato, rice, and seeds of oats and lucerne, for example, cis-
zeatin (cZ) is the dominant cytokinin species, whereas in
maize seeds, the DZ-type is predominant (Takagi and
others 1985; Suttle and Banowetz 2000; Veach and others
2003; Vyroubalova and others 2009; Stirk and others
2012). The present study found that tZs and iPs were the
predominant cytokinins in in vitro oil palm cultures,
whereas in inflorescences, only tZ cytokinins were pre-
dominant. Free bases and ribosides of both tZ and iP
cytokinins are the preferred substrates for the cytokinin
degradation enzyme cytokinin dehydrogenase CKX (Bily-
eu and others 2001; Galuszka and others 2004; Stirk and
others 2012). cZ is less amenable and DZ and the aromatic
cytokinins are resistant to CKX (Schmu¨lling 2004; Tomaz
and Marina 2010). Thus, the main cytokinin types of tZ and
iP in these oil palm tissues suggest that this may allow for
cells to rapidly control cytokinin activity during in vitro
culture and floral development, possibly by the fast turn-
over of these cytokinins.
Although aromatic cytokinins were generally not detected
in this study, cytokinins such as BAP, oT, mT, and their
corresponding ribosides and 7-glucosides have been found
previously in oil palm tissues such as older inflorescences,
embryoids, shoots of seedlings, and ramets using a different
extraction method and different HPLC/ELISA detection
method (Jones and others 1996). Very low amounts of aro-
matic BAP cytokinin were also found in the sap exudate of oil
palm inflorescences (Huntley and others 2002). It is possible
that the extraction method used in this study may not be
optimal for the detection of aromatic cytokinins in oil palm
although it had been successfully used for other plants (Nova´k
and others 2003; Tarkowski and others 2006; Nova´k and
others 2008).
IP, tZ Cytokinins Were Predominant and Present
Mainly as Ribotides in Inflorescences
and as 9-Glucosides in In Vitro Cultures
In this study, developing inflorescences had higher cyto-
kinin levels than in vitro cultures, particularly tZ cytoki-
nins. The tZ-type of cytokinins was also predominant in
Arabidopsis inflorescences (Bartrina and others 2011) and
in the buds of a gymnosperm species such as Pinus radiata
(Montalba´n and others 2013). The ribotide was the main
form of tZ and other cytokinins in oil palm inflorescences.
It is an inactive form but is a precursor to the active
riboside and free base forms in the cytokinin biosynthesis
pathway (Sakakibara 2006; Kurakawa and others 2007;
Spı´chal 2012). Thus, it appears that oil palm inflorescences
contain a metabolic pool of cytokinin ribotides for con-
version to active cytokinins when required.
In oil palm in vitro cultures, both iP and tZ cytokinins
were predominant, suggesting that these cytokinins con-
tribute mainly to the cytokinin activity in these cells. Both
tZ and iP are similarly recognized by the His kinase
receptor CRE1/AHK4 in Arabidopsis (Spı´chal and others
2004; Romanov and others 2006); this receptor is essential
for root growth and normal cell division during embryonic
vascular formation (Mahonen and others 2006).
Previously, iP 9-glucoside and zeatin 9-glucoside were
the predominant cytokinins found in callus cultures of oil
palm (Jones and others 1995) and coconut (Saenz and
others 2010). This suggests that the iP and tZ cytokinins are
predominant during in vitro development of both palm
species. We similarly observed that although the inactive
iP 9-glucoside was the most abundant in oil palm in vitro
cultures, levels of tZ free base, not iP free base, were the
highest among the biologically active free base cytokinins.
This suggests that the iP free cytokinins may have under-
gone 9-glycosylation for inactivation (Kaminek and others
1997; Mok and Mok 2001), and it is the tZ free cytokinin
that probably plays a major role in cytokinin activity during
in vitro culture. The 9-glucosides are considered to be
inactive cytokinins which generally show low activity in
bioassays (Spı´chal and others 2004).
Total cytokinin levels also gradually increased as oil
palm in vitro culturing progressed from the leaf explants
through the polyembryoid proliferation stages. This sup-
ports previous observations that cytokinin levels increase
throughout oil palm in vitro culture, from callus to em-
bryoids and to plantlets (Besse and others 1994). Relatively
low cytokinin levels were detected at the callusing stage.
Here, auxins are used in the media to stimulate embryo-
genesis and the auxins may suppress cytokinin biosynthesis
at this stage (Mu¨ller and Sheen 2008; Moubayidin and
others 2009). Addition of the auxin NAA to tobacco callus
culture medium was found to decrease total cytokinin
content (Zhang and others 1995), whereas at later oil palm
polyembryoid proliferation stages, polyembryoids were
cultured on reduced-auxin-supplemented media and this
would thus allow de novo biosynthesis of cytokinins,
which aids in shoot development (Schmu¨lling 2004).
However, even though endogenous cytokinin levels
increased overall as the oil palm in vitro cultures devel-
oped, the majority were in their inactive and irreversible
9-glucoside forms, similar to previous observations (Jones
1990). The 9-glucosides are also the predominant cytokinin
form subjected to degradation by CKX (Galuszka and
others 2007) as a detoxification mechanism (Hou and
others 2004). It is possible that this also prevents the
accumulation of biologically active cytokinins in the cells.
J Plant Growth Regul (2013) 32:865–874 871
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Accordingly, the probable reduction in cytokinin activity
was also indicated by the lower proportion of biologically
active free cytokinins during oil palm in vitro culture.
Mantled Developed Inflorescences Contained
a Relatively Higher Proportion of Ribotides and iP9G
than Normal Inflorescences
Previous reports on cytokinin levels in oil palm inflores-
cences were mainly focused on the immature or underde-
veloped stages (Besse and others 1992; Jones and others
1995). The developed inflorescences sampled in this study
were 12–15 cm long. Floral organ formation is completed
by the time the inflorescence size reaches approximately
13–15 cm (Zaidah 2001). At this later stage, a higher
proportion of ribotides and a lower proportion of most
9-glucosides were observed in mantled inflorescences.
Some evidence of increased iP 9-glucoside levels was
previously reported in tissues from mantled flowers and
embryoids that gave rise to abnormal clones compared with
normal ones (Besse and others 1992; Duval and others
1995; Jones 1995). Thus, we confirmed the observations of
higher iP9G levels in mantled developed inflorescences,
whereas levels of tZ and its forms were lower compared
with the levels in normal inflorescences. These differences
between mantled and normal inflorescences were not
obvious at the underdeveloped stage of 2 cm, whereby
emergence of flower primordia occurs (Zaidah 2001).
When the inflorescence is approximately 5–7 cm, a halt in
development of the stamen primordia in the normal female
inflorescence and the development of supernumerary car-
pels in place of staminodes in the mantled female inflo-
rescence occur (Zaidah 2001; Adam and others 2005).
Hence, the higher levels of endogenous iP9G cytokinin
displayed in mantled developed inflorescences ensued the
formation of the mantled floral parts.
The development of supernumerary carpels in mantled
female flowers of the oil palm has been deemed a femi-
nization of the male floral organs (Rival and others 2008).
In tobacco plants overexpressing the SUPERMAN gene, the
sepal converts to petal-like tissues and the petals assume
carpel tissue identities (Nibau and others 2011), a pheno-
type similar to the oil palm mantled phenotype (Jaligot and
others 2011; Adam and others 2005). The SUPERMAN-
overexpressing phenotype was also manifested in wild-type
tobacco by exogenous cytokinins, suggesting a feminizing
role for cytokinin (Nibau and others 2011). The feminizing
role of cytokinins has been reported in other plants such as
pine (Kong and others 2012), Mercurialis annua (Durand
and Durand 1991), and Blechnum spicant (Menendez and
others 2009).
On the other hand, the accumulation of tZ cytokinins in
normal versus mantled developed inflorescences suggests
that a lack of tZ cytokinins in the latter could be associated
with the development of the mantling phenotype. With the
exception of iP levels that were significantly higher in
mantled-derived callus, lower levels of most cytokinins
were observed in mantled- compared with the normal-
derived callus. It has also been previously reported that low
levels of cytokinins in proliferating oil palm calli might
correlate with abnormality (Besse and others 1992). In
addition, the opr7 opr8 maize mutant, which produced
feminized tassels due to a deficiency in jasmonic acid
production, also produced lower levels of cZR cytokinins
compared to wild-type plants (Yan and others 2012).
In conclusion, results from this study generally corrob-
orate the previous observations on cytokinins quantified in
oil palm in vitro cultures, normal and mantled inflores-
cences. Oil palm inflorescences generally contained a
higher proportion of ribotides, whereas in vitro cultures
contained mainly the 9-glucoside cytokinin forms, reflect-
ing the varied role and activity of cytokinins in these dif-
ferent developmental stages of oil palm growth. Although
overall cytokinin levels were lower in mantled developed
inflorescences or mantled-derived callus compared to their
normal counterparts, specific cytokinin types and forms
that may be associated with the mantling abnormality were
identified. In particular, the increased levels of the iP-type
and the lack of tZ-type of cytokinins appear to be impli-
cated in this floral abnormality. Of notable interest is the tZ
9-glucoside, which was observed at significantly higher
levels in calli from normal palms. This cytokinin was in
sufficiently high amounts so that it may be detected using
simpler methods such as ELISA assays. Levels of tZ
9-glucoside could then be further verified in in vitro callus
cultures that are allowed to regenerate into field-planted
palms and then to later corroborate their mantling data.
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